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NIF spot summary

We are compiling a list of anticipated target spot sizes that are specified by the NIF users
groups. This data will be used to anticipate demands for phase plates. The spot size also
has an impact on the laser operation. Presently the phase plates are designed to sit in the
leo section of the FOA (before the conversion crystals). Intensity modulations produced
by the phase plates are nonlinearly proportional to the laser spot size. For spot sizes
above 3 mm diameter, the intensity modulations are large enough that the damage
threshold for the remainder of the FOA is exceeded. For experiments requiring spot
diameters larger than 3 ram, it is suggested that the phase plates sit in the 3eo section of
the FOA. For planning purposes, the cost of the 3eo phase plates is presently projected to
be more than that of a le0 phase plate due to the use of inclusion-free fused silica as the
substrate material,

Below is a summary of a meeting that we had on February 16, 2000 in order to catalogue
the possible range of requested NIF spot sizes. Copies of the viewgraphs which were
presented will be attached to this.

Ignition hohlraums (Pollaine/Suter)

Hohlraum optimization strategies put an upper bound on the spot sizes of 1 - 2 mm high
x 2 mm wide

Scale 1 point design:
Angle _e Size, mm
23.5° 1.12 0.67 x 0.75
30.0° 1.21 0.64 x 0.78
44.5° 1.59 0.56 x 0.89
50.0° 1.88 0.52 x 0.97

Scale 1 with large spot to reduce intensity for LPI:
Angle __e Size, mm
23.5° 1.12 1.34 x 1.50

University of California
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30.0° 1.21 1.28 x 1.56
44.5° 1.59 0.79 x 1.26
50.0° 1.88 0.74 x 1.37

High Yield spot sizes could use spots -2 mm
23.5 2.0 x 2.2
50.0 1.4 x 2.2

Planar hydrodynamics experiments (J. Edwards)

Spot diameters up to 6 mm are envisioned. Illumination uniformity is an issue but needs
to be quantified.

Spot diameter (mm) Pulse length (ns)
5.5 80
4.2 38
3.6 25
2.9 14

NWET experiments (Suter)

Maximum spot diameter = 2 ram, Iir~er = 5.3 X 10t3 W/cm2, Ioute r ----- 8.3 x 1013 W/cm2

Pulse length = 6 ns

SSMP (from Josh’s FOA chart)

250 - 150 l~m diameter, 500 - 300 TW

HEDS (John Edwards)

A few times the nominal NW spot size, which makes it ~1.5 to 2ram. This needs to be
specified more precisely.

Direct Drive (Richard Town, LLE)

3 mm diameter

NIF Spot Summary Page 2 of 2
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Ignition hohlraums
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The focal plane intensity profile used in our simula-
tions is the convolution of the kinoform phase plate
profile with the profile due to optics imperfections
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At peak power, most of the hohlraum
tenth critical density

interior is at one
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At peak power, most of the hohlraum interior is at 4
KeV

Focal spot area = nominal
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Decreasing the size of the laser entrance hole
reduces the need for laser energy and power
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In our LASNEX simulations, we minimized absorption
by optimizing the eccentricity of each beam cone

PT hohlraum requires 430 TW
This is 430/48 = 9.0 TW per quad

For the nominal focal spot size of 0.5 mm x 1.0 mm,
the area is 0.39 mm2 and the intensity per quad is

2.3x1015 W/cm2

Beam cone
angle Eccentricity*
23.5° 1.12
30.0° 1.21
44.5° 1.59
50.0° 1.88

Dimensions (mm) with
same area of 0.39 mm2

0.67x0.75
0.64x0.78
0.56x0.89
0.52x0.97

* As we vary the size of each ellipse, we keep the
eccentricity of each focal spot constant
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Total intensity for 0,6 scale
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Total intensity for 0.6 scale, move 30 beam 11.25 deg
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Tr hfl0(solid), 10aol 1.25(dash), 10b-11.25+small(dot-dash)
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0.6 scale 50 deg. beam in LEH
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0.6 scale 30 deg. beam in LEH, moved 11.25 deg

0.10

0.05

0.00

-0.05

-0.10

A: plc, intena
(,,2), yleh, 

A: 2 921e+13
-B: 8
-C: i
-D: 2
_E: 2

F: 3
-G: 3
-H: 4

762e+!3
46e+!4
044e+14
628e+!4
2!3e+14
797e+!4
381e+14

A: plc, intena(,,2), yleh, xleh
circle



0.6 scale 30 deg. beam in LEH
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Total intensity vs radius, full NIF
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Total intensity vs radius for scale 1 NIF
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Standard NIF beams
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We used the start
effect of different

dard PT hohlraum to
NIF focal spot sizes

investigate the

BaseJine NIF focal spot
O=5mm x 1.0 mm

0.39 mm2

ILEH
diameter

100.0

I0.0

Temperature (eV
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Ignition hohlraums and NWET

Larry Suter
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We can estimate an upper bound on spot size by
assuming maximum Ospot ~ 0.5Dgeometric of the LEH NIF

o
The Natlonat lgnltion Faclllty ’ .
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Original LEH (50% Dhohlraum)

Effective LEH size
when plasma’s moved in

Assumed upper bound on the
projection of the spot in the hole

23° spot: 1 x .92 50° spot: 1 x .64

Ijs- 8/17/99- 4













NIF
The National Ignition Facility

Planar hydro experiments

John Edwards
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Planar hydro experiments need
the largest spot sizes on NIF

NIF
Tt~ Nationfd Ig#~ition Facility

192 beam scenario

e For a fixed intensity on target
spheres need ~ 10% spots relative to planar equivalents

¯ And symmetry means we can’t go to such long pulses for spheres

mje- 12/1499- 1



We need large spatial scales to
make worthwhile experiments

drive

time

DspotI

A
shock Lexp

NIF
The National Ignition FacJflty

Curvature eventually
compromises the data

¯ To "optimize" designs we make Lexp ,,, Dspot

¯ For each intensity, pulse length combination
there is a unique value of Dspot (depending on target materials)

¯ This is defining target optimizations for NIF

mje- 12/1499- 2



We often need to stack pulses
to make large experiments

This is because:

Lexp ~ Vshock t ~ Ila s t ~ D2 t t

But L ~ D so that

NIF .......
The Nallonat Ignition Facility

But to preserve illumination uniformity
we require at least 4-fold symmetry

This means we can only get discrete
pulse lengths ~ ~~

mje- 12/1499- 3



Laser spot size is less of an issue
for indirect drive

e

To first order spot size is irrelevant

The major concerns are:
conversion efficiency
beam propagation
& (of course) LPI

all in a hohlraum constantly filling up with plasma
Again, hydro experiments need the largest hohiraums
up to ~ scale 3 NIF (or more), & longest pulses

Thus spots could be up to - few X ignition spots

Although optimum spots will be determined thru expt
& modeling they should fall within the DD envelope

NIF
The National Ignition Facility

mje- 12/1499- 4



We are doing simulations and Omega
experiments to help resolve the important issues

The target design issues are:

Direct drive

¯ Planarity

¯ Laser-target coupling vs pulse length & beam angles

N/F
The Nation~ Ignition Fact~ily

Indirect drive

¯ What are limiting factors?

¯ Drive-target coupling

This work will help define more precise target designs for NIF

mje- 12,/1499- 5



Improvement of the NIF focal spot
by diffractive correction

NIF
The National Ignition Facility

Joshua E. Rothenberg

WBS-1 Focal Spot Meeting
February 16, 2000



Diffractive Optics can be used to condition the basic NIF
focal spot to meet the requirements of the ICF mission [~

a KPP can be used to form an elliptical focal spot which optimally fills
the LEH such that the peak intensity is reduced to a tolerable level

a B-integral phase corrector (BIPC) can be used to reduce the focal
spot wings (which impinge on the LEH and its associated plasma
blow off) originating from whole beam self-focusing. However, the
remaining wings may still be too large.

In conjunction with the BIPC, an aberration corrector in the laser
front end can be used to reduce the remaining wings such that the
resultant focal spot meets the initial target specifications at the LEH.

SSD can be used to reduce plasma instabilities resulting from
speckle "hot spots" -- at the cost of smearing out the focal spot
wings

J.E.Rothenberg-SSLA NIFspot-(2)



We have investigated other phase correction schemes
which are not currently part of the baseline laserN~F

The National Ignition Facifity

o. B-integral corrector ¯ passive/pump-induced

aberrations corrector plate (inplate (part of KPP?)
front end?)
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o ~1 0

beam smoothing - Hunt, 1/98



30~ spot with various types of correction

no correction
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Phase correction of whole beam self-focusing with the
BIPC can reduce the wings, especially when the lc0
o tical aberrations at short s atial scale are reduced

Blue curves at peak (2.5 TW) and brown curves in foot (50 
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MUCH better focal spots are possible using a static phase
corrector plate (80% energy Diam. 250 ~m > 100 ~m) [~

with B-intergral phase and aberration corrector (green)

with Fixed Aberration corrector
(blue)
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Calculated energy fractions as a function of diameter for
baseline and aberration corrected NIF spots t~

w/correction
Diameter Energy fraction

0.00000
10.8108
21.6216
32.4324
43.2432
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75.6756
86.4864
97.2972
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118.919
129.73O
140.540
151.351
162.162
172.973
183.764
194.594
205.405
216.216

without correction
Diameter

0.00000 0.00000
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0.894175 205.405
0.897073 216.216

227.027
237,838
248,648
259.459
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291.892
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313.513
324.324

J.E.Rothenberg-APS DPP Nov98 -(2)

Energy fraction
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